26
GEORGE H. SMITH AND ELIZABETH F. JORDAN longer necessary to adduce proofs that bacteria may exist in, or yield, the protobacterial stage. Furthermore, the diversity of the bacterial species for which such forms have been described clearly shows that the monomorphic concept is not one to which there are certain isolated exceptions, but rather that, if exceptions must be taken, the instances where protobacteria have not been demonstrated must be so regarded, and that polymorphism must be accepted as the general rule. It surely would be difficult to find organisms more divergent, from all recognized methods of differentiation, than B. coli and B. pestis, B. typhosus and B. fusiformis, the paratyphoid bacilli and the staphylococcus, B. dysenteriae and B. diphtheriae, B. proteus and B. tuberculosis, or V. cholerae and the streptococcus, and yet for all of these, filtrable forms have been disclosed. It does not seem unreasonable to infer that with the application of proper methods this list can be extended to embrace all species; or, indeed, it may very well be that such study will but serve to show that many of the forms now recognized as species are derivatives, through the filter-passing form, of other species.
Such questions remain to be answered, as does that bearing on the nature of the incitants which may lead to the appearance of protobacteria. Whether they originate solely through the operation of some external force or whether they represent some obligatory or optional stage in cyclogeny is a matter of the greatest significance. Manifestly, with the fragmentary data now available it is premature to attempt broad generalizations or to formulate a theory sufficiently comprehensive to explain the phenomena observed or to suggest the significance of the facts now known. The period of observation and of the mere recording of facts can well be extended, leaving speculation, attractive as it may be, until further disclosures have measurably filled the obvious gaps in our .knowledge. Thus it is that the data presented here comprise the results of studies made upon the presence of protobacterial forms of B. diphtheriae, no attempt being made to explain their significance.
The initial purpose of the study was to investigate the possible c, c2 For obtaining toxin production the several strains were grown, with repeated daily transfers, in a nutrient broth in order to habituate the organisms to the medium somewhat prior to the inoculation of the larger quantities requisite to obtaining the desired amount of toxin. For the latter, large erlenmeyer flasks were employed, thus presenting a large surface for aerobic growth. With the cultures which readily developed a pellicle a portion of this was floated upon the surface; with the strains where pellicle formation was restricted, sterile, thin cork discs were coated with agar, and these, after inoculation with the cultures in question, were floated upon the surface of the broth.
In all instances growth, with pellicle formation, took place.
In all save two instances the flasks were inoculated with known pure cultures of B. diphtheriae; the two exceptions being flasks planted with known mixed cultures, one containing the diphtheria bacillus (P-W No. 8) in association with a bacteriophage-susceptible strain of the staphylococcus, the other with the same strain of diphtheria organism in combination with a bacteriophageresistant derivative of the same strain of staphylococcus. The on October 16, 2017 by guest http://jb.asm.org/ Downloaded from particular purpose ih this procedure was, of course, quite outside of the primary purpose of the study, namely, to investigate the question of bacterial associations as related to the development of toxins and their behavior in the skin test. These problems have no bearing upon the matter under discussion, but are mentioned simply by way of explaining the reason for employing such mixed cultures and, as will be seen in the following discussion, it is possible that such associations may be of some significance in the origin of protobacterial forms. Indeed, it may very well be that under normal circumstances, biologic antagonisms or symbioses may be incitants of cyclic changes in the beings involved.
It may be well, before presenting the results of the studies with these diphtheria cultures, to state that the primary object-a study of the toxins produced-has not been reached, consequently no data will here be presented bearing upon the possible relation between toxin and protobacterial forms.
The broth inoculations with the diphtheria strains were made in the month of April, 1929. Because of circumstances it was impossible to prepare the necessary filtrates for testing, both for toxin and for protobacterial forms, as had been planned. Indeed, it was not until October, six months after inoculation, that they received attention. During the intervening period the flasks had remained at room temperature, carefully closed, but not sealed in a way to prevent evaporation, and when subjected to further examination the contents had in most instances been reduced through loss of water to a thick syrup or gum-like residue.
To permit further study and filtration this concentrated material was redissolved in sterile distilled water. Of the resuspended material smears and cultures, as well as filtrates, were made. Neither the smears nor the cultures showed evidences of contamination and, aside from the two instances which yielded no growth, the cultures derived corresponded in type fairly well, after several transplants, with the types present in the initial cultures inoculated. The types observed are recorded in table 1 in parallel with the initial types; and if such observations have significance it would seem that the tendency for organism8 of the d2 type to persist or to appear in the cultures is the only salient feature, aside from the fact that there is an almost complete disappearance of the beaded and barred forms.
In view of the known transformations from one type of morphology into another, this change from the beaded and barred types into the solid-staining forms is not surprising, particularly since organisms of this type are considered as the more saprophytic forms and thus are presumably more competent to withstand adverse environmental conditions. However this may be, it is significant that throughout a period of six months the organisms remained viable in a medium constantly becoming more and more concentrated, and consequently exerting a greater and greater physical force upon the organisms present within it. It would seem that a degree of adaptation must have been brought about; and it is, of course, possible that such transformations in physical state must needs have their counterpart in changes in morphological structure. In contrast to this rather surprising viability of these cultures under such adverse conditions it is of interest to note that pure cultures of the initial strains which had been in sealed tubes of Loeffler's medium in the ice-box throughout this same period failed to yield growth when subcultured.
That such changes in morphology as are evidenced by the data presented in table 2 are not necessarily permanent is shown by the fact that with certain of the cultures derived from the medium residues a regression to the original type took place when these were subjected to further cultivation under the ordinary conditions of bacterial growth. Thus, with certain of the strains which have been repeatedly transplanted the solidstaining character has been lost, and after a period of three months they present the Wesbrook morphological types indicated below. In the table are listed the initial types present, the types developing from the concentrated medium upon their first cultivation, and the types ultimately to appear.
With a few of the recovered cultures virulence determinations were made, showing that this attribute seems to bear little if any relation to any other discovered factor; thus, strains Co. . ., No (table 3) .
Following the making of bacteriological controls, the filtrates were allowed to stand for periods of between two and three weeks, with frequent observation in order to detect the appearance of the faint clouding or of the fine sedimented precipitate characteristic of the development of secondary cultures in filtrates prepared in bacteriophagy experiments. In the majority of filtrates this evidence of growth, although stained smears showed nothing, appeared between November 19 and 30. In table 3 the presence of such a sediment, as well as the relative volume, is indicated, and for correlative purposes are given the morphological types present in the residue cultures, the virulence of these cultures, and the results of the intracutaneous toxicity tests.
It is thus apparent that the development of turbidity in ifitrates bears no direct relation to the Wesbrook type present in the cultures yielding such filtrates, or to cultural virulence or ifitrate toxicity. Apparently these several factors vary independently.
Following the technic of Hauduroy (1927) these filtrates were spread upon plates containing beef infusion agar of the following composition: 1 per cent peptone, 0.08 per cent Na2HPO4, and 1 per cent lactose, with phenol red as indicator. The medium contained 1.5 per cent agar.-In the inoculation about 0.2 cc. of the filtrate was used, it being spread evenly over a small area of the medium. The plates were incubated at 38°C., and follow- ing this the area so inoculated was carefully washed off, whether visible change had taken place or not, with a small quantity of pneumococcus broth, and this material was again spread upon a fresh plate. This procedure was repeated at twenty-four to forty-eight-hour intervals, as indicated in table 4. In such serial inoculations the first change to take place in the medium, indicative of growth of any type, was the occurrence of a slight dulling of the otherwise shiny surface. With transmitted light this change was not apparent, but could be detected only by so holding the plate that the light struck it obliquely. In the earlier transfers showing such dulled areas stained smears prepared from the washings failed to show any organized material suggestive of bacterial growth, but with later transfers, as colonies developed, even though they were microscopic in size, smears revealed forms which were, unquestionably, bacteria. These morphological changes will be discussed later.
The number of transfers necessary to yield the dulled surface was variable and seemed to bear no definite relation to the amount of sedimented precipitate present in the original filtrate used as inoculum. Table 4 states the dates of the several spreadings of each of the filtrates, together with appearance of the areas inoculated; + indicating but a very slight dulling of the surface, + + + + meaning that the dulling was pronounced, and "colonies" meaning the appearance of microscopic colonies which, when stained, showed definitely formed micro6rganisms.
Examination of the table shows that of the nineteen cultures carried through the serial spreadings, colony development took place more or less promptly with eleven. In two instances they appeared on the fifth transfer, in two on the sixth, in two on the seventh, in one on the ninth, in one on the tenth, in one on the eleventh, in one on the twelfth, and in one on have not yet been completed.
As stated above, the development of colony formation upon the plates is usually preceded by a progressive dulling of the surface of the medium throughout the successive transfers. Smear preparations from such dulled areas fail uniformly to show bodies having a recognizable morphology. The stainable amorphous material may present an occasional Gram-positive granule more deeply stained than the surrounding mass which is Gramnegative, but these granules possess no distinctive characteristics and they may or may not represent the precursors of the organisms later to develop. With approaching colony formation on the plates, the smears first show large, diffuse, fairly round bodies, usually about 4,g in diameter; and somewhat later these tend to give place to an abundance of granules, definitely coccoid in form, and often appearing in pairs, or they may be supplanted by clearly defined, large, clumsy rod-shaped structures. The latter exhibit a marked degree of pleomorphism and extreme variation in size. Swollen club-shaped forms predominate, and, as colony development on the plates progresses, these rods may in turn give way to the development of bacillary forms which morphologically can not be differentiated from certain types of B. diphtheri-ae or from the diphtheroids. They are Grampositive, and not acid-fast, and when suitably stained they may or may not show metachromatic granules.
In the development of the colonies upon the plates a progressive increase in the size of the colony and luxuriance of the growth becomes apparent with the first few transfers. The initial colony to appear is microscopic in size, smooth in character, flat, even in contour, transparent, and dull. With subculturing, growth becomes more and more luxuriant and pigmentation of the colony may become an outstanding characteristic, together with the assuming of a markedly mucoid character. These characters resemble closely those so commonly attributed to certain varieties of the diphtheroids, and are not unlike the pigmented strains of diphtheria described by Barratt (1924-5 None of the cultures recovered from the filtrates possess virulence. This finding is, of course quite in accord with the results of most observers who have regained cultures from protobacterial forms. The serological and antigenic behavior of these derivative cultures, as well as of the stages intermediary between the protobacterial form and the final form, remain to be determined.
It may be unwise to mention the fermentative reactions exhibited by the cultures recovered from the filtrates, for if bacteriologic experience indicates anything it shows that fermentation characters are most unstable; that in dissociative phenomena the derivative strains may possess attributes quite unlike those exhibited by the parent strain. Thus, without placing emphasis upon this point, the activities of nine of the diverse strains recovered from the protobacterial forms upon a few of the more common carbohydrates are here recorded (table  5) . Whatever significance these results may have, it appears that three types of organism were derived; three strains corresponding to B. diphtheriae in so far as glucose and dextrin fermentation is concerned: 5 strains corresponding to B.. hoffmanii, and one on October 16, 2017 by guest http://jb.asm.org/ Downloaded from strain, which, because of its ability to ferment lactose, may perhaps belong to the enzymicus group. More important than allocation to groups, however, is the fact that derivatives from the protobacterial forms show different attributes; indicating that such a transformation in state offers further means for variability rather than a mechanism for regaining or re-establishing a fixed type.
It is impossible to consider the development of the diphtheroid forms from filtrates of cultures, which by all ordinary criteria must be classed as diphtheria (it may be remarked, that every culture used in this series was designated as B. diphtheriae by some other laboratory, before it reached our hands) without Ramsin (1926 ), Hauduroy (1927 , and others. The frequency with which organis of this type appear, whatever may have been the nature of the original culture type under study, suggests that the diphtheroids represent a developmental stage in the cyclogeny of many bacterial species rather than a species sui generis. This suggestion has already been made by Koch and Mellon (1930) and the results here reported merely add to the evidence already accumulated.
CONCLUSIONS
From broth cultures of B. diphtheriae which have undergone aging, with loss in water through evaporation, filtrates may be obtained which upon serial transfers yield visible growth. From eleven out of nineteen such cultures positive results have been obtained.
The morphological types of the organisms ultimately to develop include forms which can not be differentiated from bacilli of the diphtheroid group.
In the development of visible forms of bacteria from the protobacterial forms, a more or less constant sequence of morphologic types obtains: a granular stage, followed by the appearance of giant cocci which are replaced by micro-and diplococci, and ultimately by pleomorphic bacillary forms.
The readiness with which such protobacterial forms develop can not, at present, be correlated with any attribute of the organisms subjected to test.
